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(54) POLYESTER FIBER AND FABRICS MADE BY USING THE SAME 

(57) There are disclosed polyester fibers that are 
composed of at least 90% by weight of po!y(trimethyl- 
ene terephthalate) and have a limiting viscosity of 0.4-2. 
being characterized by containing a phosphorus com- 
pound at 10-250 ppm in terms of weight of elemental 
phosphorus, containing no more than 3 wt% of cyclic 
dimers. containing no more than 2 wt% of bis(3-hydrox- 
ypropyl) ether copolymerized with the poly(tri methylene 
terephthalate), and having a birefringence of 0.03 or 
greater. 

The polyester fibers are poly(trimethytene tereph- 
thalate)-based fibers with excellent whiteness and 
tenacity, which are obtained by melt spinning of poly(tri- 
methylene terephthalate) resin composition with 
inrtproved whiteness, melt stability and spinning stability. 
The polyester fibers of the invention have satisfactory 
processability and can be mixed with stretch fibers and 
the like to provide fabrics having functions that cannot 
be obtained with commonly used polyester fibers and 
nylon fibers, for various types of clothing products and 
the like. 
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s [00011 -nie present invention relates to polyester fibers that have excellent whiteness and stability and readily 
exhibi high tenacity and to fabrics using them, and more specHically it relates to polyester fibers wrth excellent white- 
ness and tenacity that are produced using a poly(trimethylene terephthalate) resin with excellent whiteness, spinning 
stability and vastly minimized molecular weight reduction when molten, and to fabrics using them. 

10 Background Art 

r00021 Polyftrimethylene terephthalate) fibers are revolutionary fibers that have both properties similar to nylon fib- 
ers such as a soft touch, excellent elastic recovery and ready dyeability because of their low elastic modulus, and prop- 
erties similar to poly(ethylene terephthalate) fibers such as wash-and-wear properties, dimensional stability and 
15 yellowing resistance; these characteristics are increasingly being used in applications such as clothing, carpets and the 

[00031 Polyftrimethylene terephthalate) can be polymerized by the same process as poly(ethylene terephthalate) 
and poly(butylene terephthalate) which have a related chemical structure. That is. first terephthalic acid or a lower alco- 
hol diester of terephthalic acid such as dimethyl terephthalate and trimethylene glycol (also referral to as l;3-Propane- 
diol) may be subjected to the ester exchange reaction represented by chemical equation (1) while heating either withou^ 
a catalyst or in the presence of a catalyst such as metal catboxylic acid salt, a titanium alkoxide or an organic aad. and 
then subjected to the polycondensation reaction represented by chemical equation (2) under reduced pressure using a 
catalyst such as a titanium alkoxide or an antimony oxide. 

ROOCoCOOR * HOCHsCHaCHaOH -> HOCHaCHgCHaOOCoCOOCHzCHzCHaOH + ROH equation (1) 

(R: -H or -CH3. 0: benzene ring with para-bonding) 

HOCHaCHaCHzOOCeCOOCHaCHaCHaOH -> (OCH2CHaCH2OOC0CO)n equation (2) 

[00041 However, polymerization of poly(trimethylene terephthalate) is associated with a number of technical difficul- 
ties unlike poly(ethylene terephthalate) and poly(butylene terephthalate). and these problems have not yet been sur- 
mounted. Specifically, these technical problems may be largely classified into the three problems of whiteness, spinning 

mSsP'^The^probtem^of whiteness arises because yellow discoloration of the polymer during the polymerization 
stage resutts in discoloration of the fibers or fabric as well, thus impairing the product performance^The soft touch, 
excellent elastic recovery and easy care properties of poly(trimethylene terephthalate) fibers are expected to be advan- 
tageously used particularly in the fields of inner wear, panty stockings, sportswear, outer wear, etc. For commercial, 
product development in these fields it is necessary for Ihefibers to have sufficiently high whiteness, so that they can be 
aesthetically colored with different light or dark colors. However. poly(trimethylene terephthalate) tends to uridergo dis- 
coloration during the polymerization stage, and when colored polymers with poor whiteness are used for produchon of 
fibers and fabrics, the discoloration of dyed fiber products loses its clarity and the product value is notably d'^in-shed. 
[00061 -me problem of spinning stability arises because the abundant impurities in the polymer adversely affect the 
spinning stability. Specifically, the large amount of cyclic dimers as well as cyclic and linear oligomers that are preseri^ 
in the polymerization process for poly(trimethylene terephthalate) precipitate around the spinneret during spinning, and 
this creates the problem of more yarn breakage requiring a higher spinneret cleaning frequency (called the wiping 
period). The amount of cyclic dimers is especially high and constitutes the major cause of this problem. 
[00071 The problem of melt stability occurs because the molten polymer lacks thermal stability, resulting in molec- 
ular weight reduction or discoloration of the polymer, "me tendency toward molecular weight r^udionmeans^ar icu- 
larly that even if the molecular weight is increased at the polymer stage, the molecular weight wi I be roiuced at the 
melt spinning stage. When this phenomenon occurs it becomes difficult to increase the tenacity of the f toers, and this 
has an adverse effect on the basic performance of the commercial product by lowering the tear strength and strength 

mm" °' Sthou^h (SmfJ^e resolution of these three technical problems would give poly(trimethylene terephthalate) 
f ibers with excellent whiteness, suitability for industrial production and sufficient tenacity, the prior art includes no knowl- 
edge of poly(trimethylene terephthalate) and fibers using it that satisfy all of these conditions. 
[00)9] Several publicly known techniques are known as methods for improving the whiteness and spinnability of 

poly{trimethylene terephthalate). 
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[0010] For example, in Japanese Unexamined Patent Publication (Kokai) No. 5-262862 there is disclosed a tech- 
nique using a tin catalyst as a polymerization catalyst for improved whiteness. Upon investigation by the present inven- 
tors, however, the us of a tin catalyst results In a very high polymerization speed but the whiteness is instead inferior 
to using titanium aikoxides as catalysts. Zinc acetate has also been used as an ester exchange catalyst and tin cata- 
lysts have been used as polycondensation catalysts, but when such combinations are used for simple melt polymeriza- 
tion without solid state polymerization, the amount of cyclic dimers exceeds 3 v*rt%, which is unfavorable for the spinning 
stability. In the examples found therein, tridecyl phosphate is included at up to 500 ppm during the polymerization. Inclu- 
sion of such a long-chain compound presents disadvantages such as efflux of foam during the dyeing stage and a ten- 
dency to form dyeing spots. Furthernnore. the use of tin catalysts and tridecyl phosphate has resulted In lower tenacity 
of the obtained fibers, making it difficult to exhibit tenacity of 3.5 g/d or greater. 

[001 1 ] An alternative has been proposed to the use of titanium catalysts as ester exchange reaction catalysts and 
antimony catalysts as polycondensation catalysts, for improved whiteness (Chemical Fiber International, Vol.45. 
pp.263-264. 1996). This document also touches on generation of byiDroducts. indicating that poly(trimethylene tereph- 
thalate) can sometimes contain over 3% oligomers, which impurities become a problem in the spinning step and dyeing 
step. According to investigation by the present inventors, however, the use of antimony catalysts result in a lower polym- 
erization speed, thus lengthening the time during which the polymer is exposed to high temperature and producing 
instead reduced whiteness. Furthermore, no concrete suggestion is provided in regard to reducing the oligomer content 
and improving the polymer melt stability In this process. 

[0012] Japanese Unexamined Patent Publication {Koka\} No 8-31 1 177 teaches that poly(trimethyIene terephtha- 
late) with a limiting viscosity of 0.9 or greater, a b value (index for judging yellowing of the tip) of no greater than 1 0 and 
an oligomer content of no greater than 1 wt% can be obtained by subjecting po!y(trimethylene terephthalate) obtained 
by a common method to solid state polymerization at 190-200**C. for the purpose of reducing white powder produced 
at and around the spinning nozzle surface during the spinning step and to minimize yarn breakage. According to the 
examples in this publication, terephthalic acid and 1 .3-propanediol are subjected to solventless ester exchange without 
using phosphorus compounds or cobalt compounds, and then tetrabutyl titanate (titanium butoxide) is added to prepare 
a prepolymer with a limiting viscosity of 0.70, after which solid state polymerization is carried out to obtain a polymer 
with a limiting viscosity of 1.02. When such polymers are melted, however, they undergo sudden thermal decomposi- 
tion, lowering the molecular weight. Thus, highly polymerized polymers obtained by this process cannot give fibers with 
sufficient tenacity because of the viscosity reduction that occurs during the spinning stage. 

[001 3] In International Patent Application No. (WO)9823662 there is disclosed poly(tri methylene terephthalate) that 
is terminally masked with a hindered phenol portion to reduce the amount of acrolein produced upon heating in air. and 
a process for its production. In this known case, terephthalic acid, trimethylene glycol and an ester-forming monofunc- 
tional dicarboxylic acid with a hindered phenol portion are subjected to ester exchange reaction at high pressure in the 
presence of a triphenyt phosphate-based stabilizer, after which polycondensation reaction is carried out to obtain a pol- 
ymer. However, the triphenyl phosphate-based stabilizer used here partially sublimates during the polycondensation 
reaction process which is carried out at high temperature in a vacuum, such that the elemental phosphorus content of 
the resulting polymer is significantly reduced. Tlie polymer therefore has low melt stability, making it difficult to obtain 
high tenacity fibers. This publication also offers no suggestion regarding the Issue of polymer melt stability confemng 
tenacity to the fibers. While the publication teaches that bis(3-hydroxypropyl)ether is contained in the polymer at about 
4 mole percent (exceeding 2 wt%), such a polymer has considerably low heat resistance and light fastness and there- 
fore cannot be used for production of clothing fibers. In addition, since this publication concerns a technique of conduct- 
ing ester exchange reaction under high pressure, for industrial applications it requires large equipment that can 
withstand high pressure, and therefore the technique has an economic drawback. 

[0014] Japanese Unexamined Patent Publication (Kokai) No. 9-195142 discloses fibers using poly(trimethylene 
terephthalate) with a limiting viscosity of 0.92, obtained by ester exchange reaction of terephthalic acid and 1 ,3-propan- 
ediol followed by polycondensation at 250°C, and the examples include one where fibers with a tenacity of 5.2 g/d and 
an elongation of 41% are used as core filaments of multicomponent fibers. However, it is difficult to use this publicly 
known technique to overcome the problems of polymer whiteness and poor melt stability, for stable industrial production 
of fibers with a practical level of strength. This is because even when fibers having such tenacity are obtained, the low 
polycondensation temperature of 250*^0 means that the polymer will contain over 3 wt% of cyclic dimers, so that fluff 
and yarn breakage becomes more frequent and the resulting filaments have low uniformity. 

Disclosure of the Invention 

[0015] It is an object of the present invention to provide poly(trimethylene terephthalate) fibers with high whiteness 
and excellent strength. 

[0016] It is another object of the invention to provide polyester fibers with excellent whiteness and tenacity which 
employ poly(trimethylene terephthalate) with excellent spinning stability. It is yet another object of the invention to pro- 
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vide poly(trimethylene terephthalate) ftoers with excellent tenacity that can be clearly dyed. 

[0017] "me present inventors have carried out much research aimed at achieving a production process for poly(tri- 
methylene terephthalate) that has excellent inherent whiten ss. und rgoes little discoloration in the mert spinning stage 
and readily gives high-strength fflDers and, as a result, have attained the aforementioned object of the invention by opti- 
mizing the polymerization conditions in the presence of a phosphorus compound to successfully reduce the amount of 
impurities that have an undesirable effect on whiteness, spinning stability and melt stability, and by examining in detail 
the conditions of the fiber production process, such as melt spinning, for polymers obtained in such a fashion. 
[001 8] In other words, the present invention relates to polyester fibers with an intrinsic viscosity of 0.4-2 that satisfy 
the following conditions (1 ) to (5). 
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(1) being composed of at least 90% by weight of poly(trlmethylene terephthalate), 

(2) containing a phosphorus compound at 10-250 ppm in terms of weight of elemental phosphorus. 

(3) containing no more than 3 wt% of cyclic dimers, 

(4) containing no more than 2 wt% of bis(3-hydroxypropyl) ether copolymerized with poly(trimethylene terephtha- 
15 late), and 

(5) having a birefringence of 0.03 or greater. 

[001 9] The polyester fibers of the invention are polyester fibers composed of at least 90% by weight of poly(trlmeth- 
ylene terephthalate) with respect to the fiber weight. 

[0020] Here. poly(trimethylene terephthalate) is a polyester comprising terephthalic acid as the acid component 
and trimethylene glycol (also referred to as 1 .3-propanediol) as the diol component. The poly(trimethyiene terephtha- 
late) may also contain other copolymerized components at no greater than 10% by weight wrth respect to the fiber 
weight. As such copolymerized components there may be mentioned such ester-forming monomers as 5-sodium sul- 
foisophthalic add. 5-potassium suHoisophthalic acid. 4-sodium sulfo-2,6-naphthalenedicarboxylic ackj, tetramethyl- 
phosphonium 3.5-dicarboxylate benzenesulfonate, tetrabutylphosphonium 3.5-dicarboxylate benzenesulfonate, 
tetrabutylmethylphosphonium 3.5-dicarboxylate benzenesulfonate, tetrabutylphosphonium 2.6-dicarboxylate naphtha- 
lene-4-sulfonate. tetramethylphosphonium 2.6-dicarboxylate naphthalene-4-sulfonate. ammonium 3.5-dicarboxylate 
benzenesulfonate, 1.2-butanediol. 1 .3-butanediol, 1 ,4-butanediol. neopentylglycol, 1 .5-pentamethy!eneglycol. 1.6-hex- 
amethyleneglycol, heptamethyleneglycol. octamethyleneglycol, decamethyleneglycol, dodecamethyleneglycol. 1.4- 
cyclohexanediol. 1,3-cyclohexanediol, 1 .2-cyclohexanediol, 1.4-cyclohexanedi methanol. 1.3-cyclohexanedimethanol, 
1 2-cyclohexanedimethanol, oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, heptanedioic acid, 
octanedioic acid, sebacic acid, dodecanedioic acid. 2-methylgiutaric acid. 2-methyladipic acid, fumaric acid, maleic 
acid, itaconic acid. 1 .4-cyclohexanedicarboxylic acid. 1 ,3-cyclohexanedicarboxylic acid. 1,2-cyclohexanedicarboxyhc 
acid etc 

35 [0021] The intrinsic viscosity [n] (also referred to as the intrinsic viscosity number) of the polyester fibers of the 
invention must be 04-2.0. If the intrinsic viscosity is less than 0.4 the polymerization degree of the polymer becomes 
too low thus reducing the tenacity of the resulting fibers and resulting in unstable spinnability. Conversely, if the limiting 
viscosity exceeds 2.0 the melt viscosity will be too great, making it impossible to achieve smooth measurement with a 
gear pump and resulting in reduced spinnability due to poor discharge, etc. The limiting viscosity is more preferably 0.6- 

40 1.5. and especially 0-6-1.4. < • 

[0022] The polyester fibers of the invention must include a phosphorus compound at 1 0-250 ppm in terms of weight 
of elemental phosphorus. From polymerization until completion of a clothing product, the monomer will undergo steps 
including melt polymerization, solid state polymerization, high-temperature chip drying, melt spinning, scouring, heat 
setting, dyeing, etc.. and the phosphorus compound will exhibit a very significant effect toward preventing discoloration 

45 and improving the melt stability during each of these steps. 

[0023] The phosphorus compound will now be explained in further detail. 

[0024] Poly(trimethylene terephthalate). unlike poly(ethylene terephthalate) and poly(butytene terephthalate) which 
are widely used for clothing, is particularly susceptible to yellow discoloration during melt polymerization, drying and 
melt spinning. The phosphorus compound is especially effective for minimizing such yellowing. 

50 [0025] Also, because of the low melt stability of poly(trimethylene terephthalate), a drawback is presented in that 
the polymerization degree tends to be lowered during spinning, and thus even if a high limiting viscosity starting poly- 
mer and resin composition (hereunder referred to a simply as "starting material") is used for the spinning, the polymer- 
ization degree reduction results in fibers with limited tenacity. The phosphorus connpound exhibits a major inhibiting 
effect on this viscosity reduction. 

55 [0026] The phosphorus compound is preferably an organic phosphorus corrpound, and phosphorus compounds 
with particularly excellent effects of prevention from discoloration and melt stability which do not adversely affect the 
spinnability include phosphates represented by 0=P(ORi)(OR2)(OR3) and phosphites represented by 
P(OR4)(OR5)(OR6). Here, Ri, R2. R3. R4. R5 and Rg may be the same or different, and are preferably selected from 
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among hydrogen atoms or organic groups of 1-8 cartoon atoms, alkali metals and alkaline earth metals. When R2. 
R3. R4. R5 and Re are organic groups of 9 or more carbon atoms, a disadvantage is presented by efflux of foam at the 
dyeing'stage. tending to result in dyeing spots and hampering tenacity increase. On of the alkoxy groups among R^ , 
R2. R3. R4. R5 and Re in the phosphorus compound is preferably a hydrogen atom or an alkyl group of 1-8 carbon 
atoms. This is because alkoxy groups undergo ester exchange with trimethylene glycol, creating a form that Is easily 
dispersibte in the polymer. Such phosphorus compounds dispersed on the molecular order exhibit an especially notable 
effect of preventing discoloration and Improving the melt stability. In contrast, when all of R^. R2. R3. R4. ^5 and Re are 
phenoxy groups or groups wherein all or a portion of the hydrogen groups on the benzene ring are substituted, these 
do not easily undergo ester exchange with trimethylene glycol and therefore the dispersion is more difficult on the 
molecular order, or because of their sublimation properties they volatilize out of the system tending to result in a 
reduced effect of discoloration prevention and melt stability improvement. Consequently, it is preferred for at least one 
of the alkoxy groups of the phosphorus compound to be a hydrogen atom or an alkyl group of 1-8 carbon atoms, an 
alkali metal or an alkaline earth metal. Since phosphites represented by P(OR4)(OR5)(OR6) tend to slightly inhibit 
polymerization when used as the phosphorus compounds, it is particularly preferred to use phosphates represented by 
0=P(ORi)(OR2)(OR3). 

[0027] As specific examples of preferred phosphorus compounds there may be mentioned phosphoric acid, tri- 
methylphosphate, triethylphosphate. tripropylphosphate. tributylphosphate. tripentylphosphate, trihexylphosphate, tri- 
heptylphosphate, trioctylphosphate. dimethyl ethylphosphate. dimethylphosphate, methylphosphate, 3- 
hydroxypropylphosphate. bis(3-hydroxypropyl)phosphate. tris(3-hydroxypropyl)phosphate, triphenylphosphate. phos- 
phorous acid, trimethylphosphite, triethylphosphite. tripropylphosphite. tributylphosphite, tripentylphosphite, trihexyt- 
phosphite, triheptylphosphite. trioctylphosphite. dimethylethylphosphite. dimethylphosphite. methylphosphite, 3- 
hydroxypropylphosphite. bis(3-hydroxypropyl)phosphite. tris(3-hydroxypropyl) phosphite, triphenylphosphite. sodium 
phosphate, potassium phosphate, magnesium phosphate, calcium phosphate, sodium dimethyl phosphate, disodium 
methyl phosphate, etc.. and particularly prefen-ed are phosphoric acid, trimethyl phosphate, triethyl phosphate and 
tripropyl phosphate from the standpoint of an excellent effect of prwenting discoloration and improving melt stability, as 
well as low inhibition of polymerization. 

[0028] The amount of the phosphorus compound in the fibers can be represented by the weight proportion of the 
elemental phosphorus contained in the fibers, and the range must be 10-250 ppm. At less than 10 ppm the effect of 
preventing discoloration and inhibiting viscosity reduction is not adequately exhibited, and at greater than 250 ppm 
these effects are adequately obtained, but the polymerization catalyst is partially inactivated so that melt polymerization 
and solid state polymerization are impeded. A preferred elemental phosphorus weight proportion is 35-150 ppm. and 
especially preferred is 5-120 ppm. 

[0029] Incidentally, for the polymerization of the poly(trimetiiylene terephthalate), as will be explained in detail 
below, there is employed a metal catalyst, for example a titanium alkoxide such as titanium butoxide or titanium iskjpro- 
poxide. or antimony trioxide. Tlie type of metal element in the metal compound used as the polycondensation catalyst 
is titanium, tin or antimony because of their high activity. The phosphorus compound sometimes reacts with these poly- 
condensation catalysts, thus slightly lengthening the polymerization time. In order to prevent lengthening of the polym- 
erization time and prevent discoloration while improving the melt stability, the proportion of the number of moles of tiie 
elemental phosphorus in the phosphorus compound with respect to the number of moles of the metal element used as 
the polycondensation catalyst is preferably adjusted to 0.4-3. and especially 0.55-2. 

[0030] In the polyester fibers of the invention it is particularly preferred to use a cobalt compound in combination 
with the phosphorus compound, since such combined use provides a synergistic effect which notably reduces the dis- 
coloration during melt polymerization, drying and melt spinning. As cobalt compounds there may be mentioned cobalt 
acetate, cobalt formate, cobalt carbonate, cobalt acetylacetonate. cobalt sulfate, cobalt chloride, cobalt bromide, cobalt 
hydroxide, cobalt nitrate, cobalt carbonate, etc., which may be in anhydride or hydrated form. Particularly preferred 
among these cobalt compounds are cobalt acetate, cobalt formate, cobalt carbonate, cobalt acetylacetonate and cobalt 
sulfate, from the standpoint of a more excellent effect against discoloration. 

[0031 ] The amount of the cobalt compound contained in the polyester fibers of the invention can be represented by 
the weight proportion of the cobalt element contained in the fibers, and the range is preferably 5-200 ppm. At less than 
5 ppm the effect of preventing discoloration is not adequately exhibited, and at greater than 200 ppm the polymer under- 
goes blue tinged discoloration or exhibits black tinged discoloration. The range is preferably 1 0-1 50 ppm. and especially 
10-100 ppm. 

[0032] The amount of cyclic dimers contained in tiie polyester fibers of the invention must be no greater than 3% 
by weight with respect to the weight of the fibers. Here, cyclic dimers are dimers where trimethylene terephthalate units 
are connected in ringed form. When cyclic dimers are present in the starting material at greater than 3% by weight, they 
precipitate around the spinneret, on the oiling nozzle and on the guide during spinning, thus shortening the wiping 
period and in worst cases producing fluff and yam breakage. For stable spinning for long periods of 2 weeks or more, 
the cyclic dimers are preferably limited to no greater than 2% by weight, and more preferably no greater than 1% by 
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[0033]' -me bis{3-hydroxypropyl)ether {HOCHzCHaCHjOCHaCHgCHaOH:. hereunder abbreviated to BPE) corv- 
tSin the polyester fLrs Sf the invention must be present at no greater than 2% by weight w.th respect to the weight 
of the fibers. BPE is produced in the polymerization process by dimerization of trimethylene glycol as shown m the fol- 
lowing chemical equation, and is copolymerized directly in the PO'y(t^''"ethylene terepWhalate)J^he amou 
produced depends on the amount of polymerization catalyst, the additives, the polymerization temperature, the polym- 
erization time and the amount of trimethylene glycol. 

2 HOCH2CH2CH2OH HOCH2CH2CH2OCH2CH2CH2OH 

[00341 Because the copolymerized BPE has ether units, it lowers the thermal stability and light fastne^of the fib- 
ers! the amount of BPE^xceeds 2% by weight, the melt stability of the starting material is notably reduced, resulting 
in discoloration of the fibers and a tendency for lower tenacity of the fibers. „^ ,u,, inr,McoH 

[00351 However. BPE does not only have an adverse effect on the fibers, as it has been found that an mcreased 
amount of BPE improves the dyeability of the resulting fibers for disperse dyes. In particular, when the amountof BPE 
is in the range of 0.5-1% by weight, the f bers exhibit dyeability under atmospheric pressure without any large reduction 
in melt stabL or light fastness. The fact that the fibers are dyeaWe under atmospheric pressure means tha their com- 
pose fabrics which are mixtures with other fibers that undergo deterioration when dyed at temperatures otfor exar.- 
Dle lOCC or higher, such as polyurethane fibers, wool, silk and acetate fibers, can also be dyed at atmospheric 
pri^ure; thfe e^Jamis the range of possible uses of the poly(trimethylene terephthalate) ftoers. Th's 
no^e when thTdye concentration is about 4% owf or less. This suggests that the BPE is preferably contained m the 
polyester fibers of the invention at no greater than 1% by weight, and more preferably 0.4-1% by weight. 
ro(»61 If necessary, various additives such as delustering agents, heat stabilizers, antifoaming agerts, color adjust- 
ers flame retardants. antioxidants, ultraviolet absorbing agents, infrared absorbing agents, crystal nucleating agents, 
whitening agents, etc. may be copolymerized or mixed with the polyester fibers of the invention. 
TooSn In particular, it is also preferred to add a hindered phenol-based antioxidant in order to minimize v|SCOSrty 
Son during melt spinning of polyester fibers of the invention, and to inhibit low molecular weight by-products pro- 
dTcX thermal decomposition of acrolein or allyl alcohol which bear strong irritating odors. Any ^<^n hmdered ph^ 
nol-Ssi antioxidant rnay be used, and examples thereof include pentaerythritol-tetrak.s[3-{3.5<l.-tert-butyl-4- 
JyC>^henSSaS 1.1,3-tris2.methyl-4-hydroxy-5-tert-b^^^^^ 

?erS 4 l^d?ox5.enzyl benzene. 3,9-bis{2-[3-(3.tert-butyl-4-hydroxy.5-methylphenyl)propionyloxy^^^^ 
tSS8,10tetrrxaspiro[5,5]unde^^^ 1.3,5-tris(4-tert.buty|.3-hydroxy.2,6-dimethylbe^^^^^^^^^^ 
ethylglycol-bis[3-(3-tert-butyl-5-methyl-4.hydroxyphenyl)propionate]. ' •'J^'^T^'^'-^IV'j^^ '"^l^j^^^ 

hydroipheny propionate]. 2.2-thio-diethylene-bis[3-(3.5-di-tert-butyl-4-hydroxyphenyl)pro^^^^^^^^^ 

5-di-\ert-butX4-hydroxyphenyl)propionatel. Preferred among these is pentaerythritol-tetrakis[3-(3.5Kl.-tert-bu^ -4- 
LroSerJ^fpropionatXln this case, the hindered phenol-based antioxidant may be bonded ^'rectly to the poly(tr. 
mSe t7repht£^ate) or simply dispersed in the fibers. The amount of the hindered phenol-based arrtioxdant 
add2 s prSerLy no more than 1% by weight, with respect to the weight of the fibers. If the amourrt exceeds1% t,y 
weight, discoloration may occur, while its at^lity to improve the melt stability also beconies saturated when added at 
greater than 1% by weight. The amount of the hindered phenol-based antioxkJant is preferably 0.02-0.5 ^ 
IS Whitenlig agents may also be used for improved whiteness, such as Eastbright by Eastman Co and H(«- 
tS dyes described in Japanese Unexamined Patent Publication (Kokai) No. 5-262862. The amount of whrtenmg 
aTent usSi preferably no more than 0.5% by weight with respect to the weight of the fibers, from the standpoint of the 
whitenina effect and colorability of the dyed product. 

ToS Although no particular restrictions are placed on the method of producing the starting matenals used for the 
invention, the preferred methods may be largely classified into the following two^ 

[!Im01 The first method employs a lower alcohol diester of terephttnallc acid, such as dimethyl terephthalate. and 

lSMi?''"sptc»'i!«lly, a lower alcohol diester of terephthalic acid, such as dimettiyl terephthalate, is reacted witii W- 
methy ene glycol at a temperature of 200-240°C for ester exchange, and then polycondensation reaction is conduced 
Weater than 1 Torr and preferably under a reduced pressure of no greater than 0.5 Torr. and at a terrperature of 
250-290°C and preferably 260-280°C, to obtain the target polymer. The polycondensation reaction ternperature is espe- 
Sy irS^rtant as a high temperature will increase the reaction rate but promote discoloration. Co-jrs^*^^^^^^ 
polymerisation is conducted atatemperature of lower than 260'Cthecyclicdimer content ina^^^^^^ 
; ferred to select the reaction temperature for a good balance between the reaction rate and the cyclic dimer content. The 

Ltalystforloadlngis1:1.3-1;4,andpreferably 1:1.5-1:2.5. lfthetrimethyleneglycolislessthan1:1.3.th reactontime 
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, ■ tho <;tartinq material. If the amount of trimethylene glycol .s greater than 
will be Significantly lengthened, thus '=°'°""^^^l^ux 

1 :4. the BPE production will b greater than 2% by 9 _ ^ preferred examples there may be men- 

[0043] It is absolutely essential to us an f'^^^^^^^l^^ceXaXe. TTie ester exchange catalyst is prefera- 

ion J calcium acetate, magnesium ^"^"J" J" ^^^^^^^^ terephthalic acid diester used. Manganese acetate 

Wy added in an amount of 0.02-0.1% by ^^f » resufts in a cyclic dimer content of over 3% by we,ght the 

alL'functions as an ester -c^^'S nS^^^^^^^ - ''-^ conducted, in order to reduce 

use of manganese acetate should be avoidea.unies!. 

the production of cyclic dimers. as explained ^"1°*^ . ^^^^ catalyst, and as examples there may be mentioned 
is also absolutely essertial to use a poly^^iensa^^^^^^^ ^,i^„y acetate. anU- 

Cm alkoxides represented by ^'^^^^^^.^^e ^^^^^^^^^ ^ ^SCS 

mony trioxide. etc.; howler, titanium ^etrabij^s^de .^^^^^^^^ > ^ 0.03-0.1% by weight w.th respect 

of cyclic dimers. The polyconden«t.on catalyst .s preferably 

prjs:r»ti«-— ^^^^ 

Sst so that an ester exchange catalyst .s '^fj"!"*;,;^ alkoxides represented by titanium tetrabutoxrie 

?elSorate.As preferred ^mp.^^^^^^^^^^^ 

and titanium tetraisopropoxide. TTie amoum o tita- 
to the terephthalic acid used. .^«.n==tion catalvst and as examples there may be mentionea tna 

oS 'it is absolutely essential to use a P°'y^°"J^:^^^^^ and antimony acetate, ant.mony 

Sum ilkoxides represented by titanium ''^'^X ^r^rT^Z^ for a faster reaction rate and lower cyclic darner 

^ S SSr^rS ^y^tTrSeM ^ °' ° ^ ^'^^ ^ ^^^^^ 

— ii-rmT.^^^^^^^^ 

rnnwi Incidentally, in either of the two methods aewnowi « invention may be added at any 

react it with the trimethylene gycol and. na^^^^^^ ^^^^^^ ^,^ia, A cobalt compound is preferably 

nrescribed amount of elemental phosphorus to aao exchange catalyst. 

50 aS^ prior to the ester exchange reacton^"« J ^" ^'^J^^^S^^fexplained above is essential in the produ^on d 
mS3] The starting material obtained «f difficult to increase the Hmitng v.s<^J^ 
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no greater than 10 Torr and at 170-220''C, for about 3-48 hours. An advantage of solid state polymerization is that the 
limiting viscosity can be increased, while th cyclic dimers escape from the starting material during solid state polym- 
erization because of the sublimating property of cyclic dimers. so that the cyclic dimer content in the resin composition 
can be limited to 2% by weight, and preferably to 1% by weight. It is thereby possible to reduce the cyclic dimer content 
to under 3% by weight after solid state polymerization even if the resin composition has a cydic dimer content exceed- 
ing 3% by weight prior to solid state polymerization. 

[0055] Thus, by combining melt polymerization and solid state polymerization it becomes possible to produce a 
starting material which is optimally suited for production of polyester fibers according to the invention. 
[0056] The polyester fibers of the invention may be in the form of continuous filament or short f bers and, in the case 
of continuous filaments, they may be either multifilaments or monofilaments. At least a portion of the fibers of the inven- 
tion may also be used to construct a nonwoven fabric. As examples of nonwoven fabric production methods there may 
be mentioned the spunbond method, spunlace method, melt-blowing method, flash spinning method, etc. There are no 
particular restrictions on the structure of the fibers, and all structures used for common synthetic fibers are included, 
such as undrawn yarn obtained by a common method, drawn yarn obtained by a common method, spin-draw process, 
high-speed spinning, etc.. partially oriented yarn (TOY") used in false twisting processes, and different types of worked 
yarn There are also no particular restrictions on the total denier, although 5-1000 d is preferred, and 5-200 d is espe- 
cially preferred for clothing applications. The single filament denier is not particularly restricted either, but is preferably 
0.0001-10 d. The cross-sectional shape is not particularly restricted and may be round, trilobal. flat, star-shaped, w- 
shaped. etc., and either solid or hollow. 

[0057] The birefringence of the polyester fibers of the invention must be at least 0.03. The birefringence is a param- 
eter indicating the orientation of the polymer chains of the fibers in the fiber axis direction. It was found that when the 
birefringence is less than 0.03 the orientation of the polymer chains of the resulting fibers is inadequate with the poly- 
mer chains existing in an easily mobile state, so that the properties of the fibers change over time even if kept at near 
room temperature Since the fibers in this state permitting easy structural alteration will exhibit changes in dyeability and 
fabric properties even when stored as fabrics, their fabrics tend to produce uneven dyeing and uneven physical proper- 
ties In order to eliminate such changes in the fiber structure, the birefringence of the fibers is preferably 0.05 or greater, 
and more preferably 0.06-0.20. Fibers with a fiber birefringence of 0.03-0.06 can be false twisted by applying twist force 
while drawing to provide texturized yarn with bulky properties and stretch properties. 
[0058] The mechanical properties of the polyester fibers of the invention will now be explained. 
[0059] For example when the polyester fibers of the invention are in the form of drawn yarn, the tenacity will differ 
depending on the intrinsic viscosity and the draw ratio, but is usually 3,5 g /d or greater. The major feature of the present 
invention in terms of the tenacity is that the melt stability of the starting polymer is sufficiently increased so that molec- 
ular weight reduction is inhibited at the melting stage even if the intrinsic viscosity is raised, thus allowing the fibers to 
exhibit high tenacity. With the polyester fibers of the invention, therefore, it is possible to exhibit tenacity of 4 g/d or 
greater with a limiting viscosity of about 0.7. and a tenacity of 5 g/d or greater, and sometimes even 6 g/d, with a intnnsic 
viscosity of .1 or higher The elongation of the fibers in such cases is about 25-50%. 

[0060] The elastic modulus is a major feature of the polyester fibers of the invention, and a very small value of about 
20-30 g/d is exhibited. The small elastic modulus of the fibers is responsible for the very soft touch of its fabnc products. 
The very excellent elastic recovery is also a major feature of the polyester fbers of the invention. Even when the poly- 
ester fibers of the im^ention are elongated to about 15%. the fibers are restored to approximately 100% of their original 
length and even when elongated to 20%. the elastic recovery is over 80%. Thus, when the polyester fibers of the inven- 
tion are made into a fabric it is possible to provide a fabric with a soft touch and satisfactory stretch properties, while 
maintaining suitable tenacity. 

[0061] A process for production of polyester fibers according to the inventon will now be explained using drawn 

[00621^ ^" Tl^'polyester fibers of the invention may be produced by using an extruder or the like to melt the starting 
materials which have been at least dried to a moisture content of 100 ppm and preferably no greater than 50 ppm. and 
then extruding the melted starting material through a spinneret, winding it up and then drawing it. The drawing earned 
out after winding may be the conventional process whereby the yarn which has been spun and then wound up on a bob- 
bin or the like is drawn using a separate apparatus, or the spin^Jraw process in which the spinning and drawing steps 
are combined, where the resin composition that has been extruded from a spinneret is completely cooled to be solidi- 
fied and then wound at least a few times on a first roll rotating at a fixed speed, so that absolutely no tension is trans- 
ferred before or after the roll, and drawing is carried out between the first roll and a second roll situated after the first roll. 
[0063] The conventional process will now be explained by way of illustration. 

[00641 According to the invention, the spinning temperature for melt spinning of the starting material is appropn- 
ately in the range of 240-320°C. preferably 240-300"C, and more preferably 240-280°C. If the spinning temperature is 
below 240<'C the temperature will be too low enough to produce a stabilized molten state, and increase unarenness in 
the obtained 'fibers and prevent satisfactory tenacity and elongation from being exhibited. If the spinning temperature 
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is above 320-C. the thermal decomposition becomes more severe, so that the resulting yarn will be discolored and sat- 
isfactory tenacity and elongation will not b exhibited. a» nn 

rooesi The winding speed for th yarn Is not particularly restricted, but winding is normally accomplished at no 
Sr tha^asOO rSmin prSrably no greater than 2500 m/minute, and more preferably no greater Jan 2000 m/m,a 
?f thTwird'Seid fe i^^^^^^ rJ/min crystallization of the fibers will progress too much prior to the winding wh^h 
wiT^el iS^ sSle t^^ncrease the draw ratio during the drawing step, thus preventing orientation of the molecules. 
riiSrswSllr^^^^^^^^ 

d^IJ cLslte bobbin, etc. to ti unremovable from the winding machine. The draw ratio for drawing may be 2-4 
or^SSr2 2 3 7 anymore preferably 2.2-3.1 . By combining the draw processing with subsequent heat treatment .n 
SSmer it fs poslTe Sgive fibers with a birefringence of 0.03 or greater. W.th a draw ratio of only up to 2. rtjs n<^ 
pSe to sSy orient the polymer by the drawing, and the resutting f bers will have ow elastic recovery. Wrth a 

r^io of areater than 4 the yarn breakage becomes severe and stable drawing cannot be accomplished. 
IZT -^rtirerl^ for clawing is suitably 30-80»C. preferably 35-70»C and more preferably 40-65'C in the 
So zonTvihSe temperature in the drawing zone is below 30»C. more yarn breakage occurs dunng the draw- 
?ng that coInTous fibS^cannot be obtained. At above 80°C the sliding property of the fibers is -mpaired ^ he 
heatS zone Tcluding the drawing roll, so that monofilament breakage is increased and the yarn becomes full of luff^ 
?S Slymer" ^so S against itse« so that the fibers do not undergo sufficient orientation and the elastic recovery of 

S?'' "in^rdeMo avoid changes in the fiber structure over time, it is necessary to carry out heat treatment after the 
Eo Tt^^ hea t?ere,J is surtabty 90-200-C. preferably 100-190«C and more preferably 110-180«a If me heat 
feStuTe isTe c^^^^^^ the fibers do not undergo sufffclent crystallization, and the elastic recovery of the fbers .s 
reTi WtL a S^^^^^^^^ tenperature of over 200'C the fbers become cut in the heat treatment zone, making 

drawing impossible. ^ ^. 

rnn*:fti Tho onin-draw orocess will now be explained by way of illustration. 
E «She^multifilamentewhichhavebeen«^^ 
25 [0069] '^"^[^ temoerature of 30-200-C and provided directly under the spinneret to prevent 

?5taS 0 40 70OC at a rate of 300-3000 m/min. and are not wound up but are subsequentiy wound around a second 
h!rt!H tViso 160»C with drawing to a factor of 1 .5-3 between the first roll and the second roll which rotates at a 
St^ifei t aS ie fiSt rS. r they are wound up using a winding machine running at a lower speed than 
STeSndlJ'neces?;^^ 

been fSI wound u^at a spinning speed of 300-3000 m/min may also be passed around this first roll and second roll 

Tmetin-draw process, it is much preferred for the melt extrusion of the polymer to be carried out in ti.e 
ame man er as S^L cTnventional process, with the melted multifilaments which have been ex.riKl«lJr^^^^^^ 
ne^etbe^g ^t rapidly cooled at once but instead passed through a 2-80 cm-long «f ^-^'"S JT^^^^^ 
temoera ure of 30 2(i-'C and provided directly under the spinneret to prevent drastic cooling and me melted multif ila 
^^TIV^^^Z cooled for conversion to solid multKilaments and supplied to the subsequent drawing step^ By 
oa2na through ws^^^^ 

« aSTrS-^uS ^^^^^^^^ amorphous portions, and form an amorphous structure which ,s easily draw" in the 

d^J;X TtheX obtan the necessary fiberproperties for the invention. Since poly trimeUiylene terephthala^^^ 

wSirzone^ me^^^^^^ 40.200'C, and more preferably 50-1 50'C. The length of the warming zone is 5-30 

^■7^ 1 The cninnlna soeed for the yarn is 300-4000 nVmin for winding around the first roll. If the spinning speed is 

ZsOO^r^i TeSn^n^^^^^^^ 
50 TentatfontfTe amorphous portions and partial crystallization will be accelerated prior to winding and rt wi no be 
Ssil^to incrise ?he draw ratio of the fibers in the drawing step, so that orientation of the molecules not be 
SviJe and?,^l be icult for the fbers to exhibit sufficient yam tenadty. The spnning speed is preferably 1500- 

raSz'T'"' The winding machine speed must be lower than that of the second roll in order to cause relaxed orientation 
^^^?=mnrnhnrSo^of the «bers and this results in weakening of the large contraction in the poly(trimethy^ne 
" trphraSrer'Ss w^^ in the dyeability as the amorphous portions become looser to fam 

SlrS^^^^^^^ can enter Lre ea^ly The relax ratio (winding speed/second roll speed) is about 0.95- 

0.99, and preferably 0.95-0.98. 
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[00731 The second roll speed is determined by th draw ratio, and is normally 600-6000 m/min. The draw ratio 
between the first roll and the second roll is 1 .3-3 times, and preferably 2-2.7 limes. By combining the drawing treatment 
and the subsequent heat treatment in this manner, it is possible to increase the birefringence of the fibers to 0.03 or 
greater With a draw ratio of only up to 1.3 it is not possible to sufficiently orient the polymer by the drawing, and the 
resulting fibere will have low tenacity and elastic recovery. With a draw ratio of greater than 3. the fluff formaton 
becomes frequent and stable drawing cannot be accomplished. The first roll temperature is 40-70»C. since it is easy to 
create a condition suitable for drawing in this range. The first roll temperature is preferably 50-60'C. Heat settng is 
accomplished with the second roll, and this roll temperature is 120-160»C. The heat stability will be lacking if the second 
roll temperature is below 120-C. resulting in fibers that are susceptible to heat deformation and change with time, and 
also lowering the dyeing discoloration. If the second roll temperature is above 160°C. fluff and yarn breakage will occur 
making it impossible to achieve stable spinning. The second roll temperature is preferably 120-150''C. 
[0074] The polyester fibers obtained in this manner may be used alone or as part of a fabric to give the fabric excel- 
lent softness stretch properties and dye colorability. There are no particular restrictions on other fibers also used as a 
part of the fabric and especially when used in combination vnth fibers such as stretch fibers such as polyurethane elas- 
tic fibers or cellulose fibers, wool, silk, acetate fibers, etc. it is possible to exhibit characteristics such as a soft touch 
and stretch properties that cannot be achieved with composite fabrics employing known synthetic fibers or chemical fib- 

[0075] Acxjording to the invention, a fabric includes a woven fabric and a knitted fabric. The fabrics of the invention 
include the aforementioned composite fabrics, with no particular restrictions on the form of the polyester fibers used or 
on the weaving and knitting method, for which any known method may be used. For example, plain woven fabncs used 
for warps yarns or weft yarns, reversible woven fabrics, knitted fabrics such as tricots and raschel fabncs, etc. may be 
mentioned and doubled yarn, plaited yarn or interlacing may be employed. 
[0076] The fabrics of the invention include composite fabrics may be dyed after weaving, for example, by a process 
comprising scouring, presetting, dyeing and final setting by a common method. If necessary, the scouring may be fol- 
25 lowed by a conventional caustic reduction treatment prior to dyeing. 

[0077] The scouring may be carried out in a terrperature range of 40-98OC. In the case of a composite with stretch 
fibers in particular, scouring while relaxing the fibers is preferred for improved elasticity. 

[0078] Heat setting either before and/or after dyeing may be omitted, but both are preferably carried out for 
improved form stabilrty and dyeability of the fabric. The temperature for heat setting is 120-210°C and preferably 140- 
180°C and the heat setting time is 10 seconds to 5 minutes, and preferably 20 seconds to 3 minutes. 
[0079] The dyeing may be carried out without using a carrier, at a temperature of 70-l50<>C. preferably 90-1 20^C 
and more preferably 90-100^C. For uniform dyeing, it is especially preferred to use acetic acid, sodium hydroxide, etc. 
to adjust the pH to suit the dye, while also using a dispersing agent consisting of a surfactant. 
[0080] After dyeing, known methods are applied for soaping or reduction cleaning of the dyed fabric. The methods 
may be conventional methods, for example, a treatment using a reducing agent such as sodium hydrosuff ite in an alkali 
solution of sodium carbonate or sodium hydroxide. 

Best Mode for Can-ying Out the Invention 

[0081 ] The present invention will now be explained in further detail with reference to the examples, with the under- 
standing that the invention is in no way limited merely to these examples. The major values given in the examples were 
measured by the following methods. 

(1) Measurement of intrinsic viscosity of starting materials and fOaers 

[0082] The intrinsic viscosity M was determined according to the following equation, using a Ostwaid viscosity 
tube, and using o-chlorophenol at 35^C. with the ratio nsp/C between the specif ic viscosity nsp and the concentration 
C (g/100 milliliters) extrapolated to zero concentration. 

[Til = lint (Tisp/C) 
C - 0 
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(8) Measurement of meft viscosity retention of starting materials 

[00901 Th intrinsic viscosity of undrawn yarn obtained by the method of (7) was divided by the intrinsic viscosity of 
the starting material used, and this was multiplied by 100 to determine the melt viscosity retention. 

5 

(9) Measurement of mechanical properties of fibers (tenacity, elongation, elastic modulus) 
[0091] The mechanical properties of the ftoers were measured according to JIS-L-1013. 

10 (1 0) Measurement of elastic recovery 

[0092] The fibers were mounted in a tensile tester with a chuck spacing of 20 cm, and left for one minute with elon- 
gation at a tensile rate of 20 cm/min to 20% elongation. It was then contracted at the same rate, and a stress-strain 
curve was drawn. The residual elongation (A) was defined as the elongation during contraction when the stress 
15 reached zero. The elastic recovery was then calculated according to the following equation. 

Elastic recovery = (20-A)/20 x 100(%) 

(11) Measurement of birefringence 

[0093] An optical microscope and compensator were used for calculation from the retardation observed on the fiber 
surface (Fiber Handbook: Raw Material edition, p.969. 5th printing, 1978. Maruzen, KK.). 
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Example 1 

[0094] A 7:1 mixture of calcium acetate and cobalt acetate tetrahydrate was added to 25,000 parts by weight of 
dimethyl terephthalate (hereunder abbreviated to DMT) and 21.553 parts by weight of trimethylene glycol at 0.1 
wt%/DMT (where the units indicate the weight ratio with respect to DMT), and ester exchange was conducted for 4 
hours at atmospheric pressure and at a heater temperature of 240'*C. Next, titanium tetrabutoxide was added at 0.1 
wt%/DMT and trimethyl phosphate at 0.05 wt%/DMT. for polycondensation at 270*'C. 0.2 Ton- for 3 hours. The resulting 
resin composition was a resin composition containing 97% by weight of poly(trimethylene terephthalate). The proper- 
ties of the resin composition are shown in Table 1 . and the properties of the obtained fibers are shown in Table 2. The 
fibers obtained by melt spinning this resin composition had excellent whiteness, a low fluff rate and low viscosity reduc- 
tion in the spinning stage. 

Examples 2 and 3 

[0095] Example 1 was repeated with different amounts of cobalt acetate and trimethyl phosphate. The resulting 
resin composition was a resin composition containing 97% by weight of poly(trimethylene terephthalate). The proper- 
40 ties of the resin composition are shown in Table 1 , and the properties of the obtained fibers are shown in Table 2. 
[0096] The fibers obtained using this resin composition had excellent whiteness, a low fluff rate and low viscosity 
reduction in the spinning stage. 
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Example 4 



[0097] A 7:1 mixture of calcium acetate and cobalt acetate tetrahydrate was added as an ester exchange catalyst 
to 0.1% by weight of the theoretical amount polymer, and the experiment was conducted in the same manner as Exam- 
ple 1 with a polymerization temperature of 250*'C and a polymerization time of 2 hours. The resulting resin composition 
was a resin composition containing 97% by weight of poly(tri methylene terephthalate). The properties of the resin corn- 
so position are shown in Table 1 , and thd properties of the obtained fibers are shown in Table 2. 

[0098] Melt spinning of this resin composition gave a yarn with excellent whiteness and a low fluff rate. The viscosity 
reduction in the spinning stage was also low. 



Example 5 



55 



[0099] A slurry containing 1 300 parts by weight of terephthalic acid (hereunder abbreviated to TPA). 1 369 parts by 
weight of trimethylene glycol and 0.01% by weight of cobalt acetate with respect to TPA was subjected to ester 
exchange reaction under atmospheric pressure at a heater temperature of 240'»C. Next, titanium tetrabutoxide was 
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added at 0 1 wt%n-pA and trimethyl phosphate at 0.05 wt%/TPA. for polycondensation at aTO-C. 0.2 Torr for 3 hours. 
The resulting resin composition was a resin composition containing 97% by weight of poly(trimethylene terephthalat ). 
[0100] The properties of the resin composition are shown in Table 1. and the properties of the obtained fibers are 

5 [OlOl"! ^Mdt^spinning of this resin composition gave fibers with excellent whiteness, and concerning the spinning 
stability, the fluff rate was low and the viscosity reduction in the spinning stage was low. 

ExairpleS 

10 [01021 Example 5 was repeated with cobalt carbonate instead of cobalt acetate tetrahydrate and tributyl phosphate 
instead of trimethyl phosphate, at different amounts. The resulting resin composition was a resin comp.osrtion contain- 
ing 97% by weight of poly(trimethylene terephthalate). The properties of the resin composition are shown in Table 1. 
and the properties of the obtained fibers are shown in Table 2. „ „ . ^, • 

[0103] The fibers obtained by spinning this resin composition had excellent whiteness, a low fluff rate and low vis- 

15 cosity reduction in the spinning stage. 

Example 7 

[0104] Example 5 was repeated with tributyl phosphite instead of trimethyl phosphate, and using no cobalt acetate. 
20 The resulting polymer was a resin composrtion containing 97% by weight of poly{trimethylene f rephthalate) 

[0105] -nie properties of the resin composition are shown in Table 1 . and the properties of the obtained fibeis are 

[0106] ^^le fibers obtained by using this resin composition had excellent whiteness, a low fluff rate and low viscosity 
reduction in the spinning stage. 
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Example 8 



[0107] The resin composition of Example 1 was subjected to solid state polymerization under a nrtrogen sfream at 
215»C for 5 hours The resulting resin composition was a resin composition containing 97% by weight of poly(tnmeth- 
ylene terephthalate), and the cyclic dimer content was drastically reduced at 0.9%. The fiber tenacity was also 
increased, reflecting the higher viscosity. 

Reference Exanple 1 

[0108] The single end fed knitted fabric (28G. plain stitch) obtained in Example 1 was heat set at ISOoC tor 30 sec- 
onds, after which 4% owf Dianics Black HG-FS (disperse dye by Dystar. Japan) was used for dyeing at 98°C for an hour 
with a liquor to goods ratio of 1 :30. in the presence of 1 g/liter of Disper TL ((y/leisei Chemicals Works Ltd.) at pH 5. 
[01091 The dye exhaustion was 53%. and cotor fastness to light of the dyed product which had been exposed in a 
fade-o-meter at 63«C for 27 hours revealed no color fading. In contrast, when the same experiment was conducted 
using the fibers obtained in Example 6, the dye exhaustion was 84% and no color fading was found in the light fastness 
test. 

Comparative Example 1 

[01101 Example 1 was repeated using 0.1% by weighVDMT of titanium tetrabutoxide as an ester exchange catalyst, 
and wrthout using trimethyl phosphate and cobalt acetate. The resulting resin composition was a resin w-^o^rtion con- 
taining 97% by weight of poly(trimethylene terephthalate). but the discoloration was extensive, and the low melt stability 
made it possible to obtain only low tenacity yarn. 

Comparative Example 2 

[Oil 1 1 Example 1 was repeated with the polycondensation temperature lowered to 250°C and wrthout using trime- 
thyl phosphrte and cobalt acetate. The resulting resin composition was a resin compositiori coirtaining 95% by weigW 
of poly^methylene terephthalate), but the discoloration was extensive. The low mart ^abjty ^'^o "^^de rt po^ible to 
obtein only low tenacity yarn. Furthermore, because of a cyclic dimer content of over 3% by weight, the fluff rate was 
higher. 
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Comparative Example 5 
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Comparative Example 5 w;^pthvlene qlycol and 0.01% by 



[0117] 

in a high fluff rate of 0.9 



Example 9 . exchange reaction there 

tivelv per 1 g of resin composrtion per nour. '"^ 
tiveiy. pe. y respectively. 



tivelv per 1 g of resin composrau.. h'^' " 

d Sle 1 were 0.51 mg and 0.82 mg. respectively. 

40 Example 10 



45 



Example 10 f 20 d/2 f obtained in the same manner 



50 Example 11 . ^ ^^^^ ^jsed as warp yarn and weft 

of Meisei Chemicals Works Ud.) ^J^"; ^.^ Atter dyeing, soaping was accomplish^ at ^^.^ 

1 lOoCfor one hour, with a liquor »° 9«^=^^^*° "".^^ of Sanyo Chemical Industries Ltd.) and a hquor g 
with 1 g/nter of Granup P (non-,on.c surfactarrt. product 
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[0122] 

able by the prior art. 

5 Example 12 
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roi 241 The resulting grey fabric was relax scoured at ^O/i f f " gQ-FS (disperse dye available from Dystar. 

sion and firmness. 
Comparative Example 6 

^ ortlices al 270-O. and was dlrec* wound up at i?'"?^" «, to 5 Ka. and ato storage in a wars- 
f.ta«.*nga™,ot«to,,su«n,.ba,s^^^^^^^^^ 

r^,:^rdS"srf.r:r?s«=eda.s^,*^^ 
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Comparative Example 7 ^u^enhitP 
p^oodu,, 0, .^...a 1 ™,ad 0 ... ^ w^« o, ^.,«,«^..an„ pnosp™. 
nstead Of 0 05% by weight Of trimethyl phosphate. .,^^h« of o 74 and contained 96% by weight of poly(trimeth- 

'drrn?r3S^:ssra?.»««waso.Up,«o,* 
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flock, etc. 
Claims 



terephthalate), and 

(5) having a birefringence of 0.03 or greater. 

^- -:r.iS^-«^— ^^^^^^^^ 

polycondensation catalyst is 0.4-3. 

, .^,,^ac»..»a..e...^....---~— <~"- 
■ Dvnether is present at 0.4-1% by weight. 

ito6characterizedbycontainingnomorethan1%byweightofa 
r Polyesterfibersaccordingtoanyoneof cla.ms1 to6,character.zedDy 

hindered phenol-based antioxidant. 

, • . 7 rhararterized in that the limiting viscosity is 0.81 -2, ana tne 
8. Polyesterfibersaccordingtoanyone^dain. t^ 

cyclic dimer content is no more than 2% by weigm. 

*».a.«P»...*»a^sp.,«»»«acc..-.»,.o.™."eo.«™s,»9. 
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